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HXLE OF THF INVENTION 



FLIP CHIP SEMICONDUCTOR DEVICE HAVING SIGNAL PADS 
ARRANGED OUTSIDE OF POWER SUPPLY PADS 



This invention relates to a semiconductor device and, more particularly, to 
a flip chip semiconductor device to be bonded to a multi-layered circuit board. 



The flip chip semiconductor device is preferable for an integrated circuit 
with more than a thousand pins, and a typical example of the application is a 
high-speed interface in a large power consumption electronic system. When 
manufacturers develop the flip chip semiconductor devices, the manufacturers 
attach more importance to the performance rather than the cost. For this rea- 
son, the flip chip semiconductor devices are more costlier than other kinds of 
semiconductor devices. Thus, the flip chip semiconductor devices achieve 
high performance at the sacrifice of the cost. Nevertheless, the manufacturers 
find a great demand for the flip chip semiconductor devices. This is because 
of the fact that the users require high performance semiconductor devices for 
multi-functional high speed electronic systems. In fact, the manufacturers are 
increasing the production of the flip chip semiconductor devices. In this 
situation, research and development efforts are being made for the flip chip 
semiconductor devices with an emphasis put on the cost as well as the per- 
formance. 



FTF.T.D OF THE INVENTION 



DESCRIPTIO N OF THE RELATED ART 
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A typical example of the flip chip semiconductor device is disclosed in Ja- 
panese Patent Application laid-open No. 5-267302. Figure 1 shows the layout 
on the prior art flip chip semiconductor device disclosed in the Japanese Pat- 
ent Application laid-open. Reference numeral 171 designates the prior art 
flip chip semiconductor device. The prior art flip chip semiconductor device 
includes small- capacity input and output cells 174, logic cell blocks 175, 
large- capacity input and output cells 176 and gate arrays 182. The peripheral 
portion of a bump electrode forming area 180 is assigned to the large- capac- 
ity input and output cells 176, and the large- capacity input and output cells 
176 are connected to bump electrodes 173 formed in the peripheral area. On 
the other hand, the internal portion 181 of the electrode forming area 180 is 
assigned to the small- capacity input and output cells 174, and are mixed with 
the gate arrays 182 in the logic cell blocks 175. Since the gate arrays 182 are 
designed to occupy areas as narrow as those occupied by the small-capacity 
input and output cells 174, the bump electrodes 173 are uniformly arranged at 
regular pitches in the bump electrode forming area 180. The Japanese Patent 
Application laid-open teaches that area bumps are employed in the prior art 
flip chip semiconductor device. However, the Japanese Patent Application 
laid-open is silent to how the power supply bumps and signal bumps are ar- 



In the process for fabricating the prior art flip chip semiconductor device, 
the prior art flip chip semiconductor device is bonded to a package substrate 
or a multi- layered substrate, which has a front surface to be connected to the 



ranged. 
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pads formed on the pad forming area of the flip chip and a reverse surface 
formed with electrodes. The prior art flip chip semiconductor device does not 
permit the manufacturer to reduce the number of wiring layers, and the cost is 
still high. Thus, the prior art flip chip semiconductor device is not conducive 
to the reduction in the system cost. The manufacturer does not take the posi- 
tional relation between the input and output cells and the power voltage units 
for the input and output cells into account so that the designer feels it difficult 
to route the power supply lines in the internal area. 

Another prior art flip chip semiconductor device is disclosed in Japanese 
Patent Application laid-open No. 2000-10955. Figure 2 shows the layout on 
the prior art flip chip semiconductor device disclosed in the Japanese Patent 
Application laid-open. Reference numeral 191 designates the prior art flip 
chip semiconductor device. The prior art flip chip semiconductor device has 
an inner region 193 and a peripheral region around the inner region. Function 
blocks are formed in the inner region 193. Input and output cells 192 are 
formed in the peripheral region. Corner cells 194 for power supply are as- 
signed the corners of the peripheral area. Pads 195 are arranged over the in- 
ner/ peripheral areas, and are electrically connected to the input and output 
cells 192 and the power supply units in the inner region 193. 

In the prior art flip chip semiconductor device, three input and output cells 
192 form an input and output cell group, and the input and output cell group 
are arranged at regular intervals equal to the intervals of the pads 195. For 
this reason, the three input and output cells 192 of each group are connected 
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to the associated three pads 195 through a common wiring pattern. In order to 
repeatedly use the common wiring pattern, the input and output cell groups 
equal to a multiple of three are arranged along each edge of the prior art flip 
chip semiconductor device. Description is focused how a predetermined 
wiring pattern is repeatedly used for the input and output cell groups, and is 
silent to how the pads 195 are assigned the input and output cells 192 for the 
signal transmission and power supply. 

A typical example of the pad assignment is that the pads are selectively 
assigned the input and output cells for the signal transmission and the power 
supply. As a result, the power supply pads tends to be mixed with the signal 
pads. The prior art flip chip semiconductor device is to be assembled with a 
package substrate. The package substrate has a multi-layered structure, and 
the multi-layered structure has a pad- forming layer where pads, which are to 
be connected to the pads of the prior art flip chip semiconductor device, are 
formed. The pads are electrically connected to wiring lines on other layers, 
and the wiring lines are finally connected to electrodes formed on the surface 
reverse to the pad- forming layer. Since the prior art flip chip semiconductor 
device has the power supply pads mixed with the signal pads, the package 
substrate also has the power supply pads mixed with the signal pads. When 
the manufacturer routes the wiring lines on the pad forming layer, some wir- 
ing layers are to bypass the power supply pads. The wiring layers change the 
layer through via-holes in order to bypass the power supply pads. For this 
reason, the number of layers for the prior art flip chip semiconductor device is 
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increased. Even if the production cost for the prior art flip chip semiconduc- 
tor device is constant, the total cost becomes high. 

SITMMAR Y OF THE INVENTION 

It is therefore an important object of the present invention to provide a flip 
chip semiconductor device, which is conducive to reduction of the total cost 
of an electric system. 

In accordance with one aspect of the present invention, there is provided a 
flip chip semiconductor device of a multi-layered structure having a cell 
forming layer and a pad forming layer comprising input and output cells 
formed in the cell forming layer together with macro-cells, power supply pads 
formed in the pad forming layer and electrically connected to the input and 
output cells, and signal pads formed in the pad forming layer, electrically 
connected to the input and output cells and arranged outside of the power 
supply pads. 

BRIBE DESCRIPTION OF THE DRAWINGS 
The features and advantages of the flip chip semiconductor device will be 
more clearly understood from the following description taken in conjunction 
with the accompanying drawings in which: 

Fig. lis a plane view showing the layout of the prior art flip chip semicon- 
ductor device disclosed in Japanese Patent Application laid-open No. 5- 
267302; 



5 




Fig. 2 is a plane view showing the layout of the prior art flip chip semi- 
conductor device disclosed in Japanese Patent Application laid-open No. 
2000-389519; 

Fig. 3 is a plane view showing the layout of a flip chip semiconductor de- 
vice according to the present invention; 

Fig. 4 is a plane view showing a part of the layout at a large magnification 

ratio; 1 

Fig. 5 is a plane view showing the layout of pads on a prior art package 

substrate; 

Fig. 6 is a plane view showing a part of a package substrate to be assem- 
bled with a flip chip semiconductor device according to the present invention 
and several modifications; 

Fig. 7 is a plane view showing the layout of the flip chip semiconductor 
device according to the present invention; 

Fig. 8 is a plane view showing the layout of another flip chip semicon- 
ductor device according to the present invention; 

Fig. 9 is a plane view showing the layout of yet another flip chip semicon- 
ductor device according to the present invention; 

Fig. 10 is a plane view showing signal lines connected between signal 
pads and input and output cells incorporated in the flip chip semiconductor 
device shown in figure 9; 
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Fig. 1 1 is a plane view showing the signal lines connected between the 
signal pads and the input and output cells of the flip chip semiconductor de- 
vice shown in figures 3 and 4; 

Fig. 12 is a plane view showing power supply lines connected between 
power supply pads and the input and output cells of the flip chip semicon- 
ductor device shown in figure 9; 

Fig. 13 is a plane view showing the power supply lines connected between 
the power supply pads and the input and output cells of the flip chip semicon- 
ductor device shown in figures 3 and 4; 

Fig. 14 is a plane view showing the layout of pads and input and output 
cells incorporated in still another flip chip semiconductor device according to 
the present invention; 

Fig. 15 is a plane view showing power supply lines incorporated in the flip 
chip semiconductor device; 

Fig. 16 is a plane view showing the layout of input and output cell groups 
incorporated in a modification of the flip chip semiconductor device accord- 
ing to the present invention; 

Fig. 17 is a plane view showing the layout of pads and input and output 
cells for several modifications; 

Fig. 18 is a plane view showing the layout of pads and input and output 
cells for several modifications; anp . ,, 

Fig. 19 is a plane view showing the layout of pads and input and output 
cells for several modifications. 
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DESCRIPTION OF THE PREFERRE D EMBODIMENTS 
First Embodiment 

Figures 3 and 4 show the layout of a flip chip semiconductor device em- 
bodying the present invention. A part of the layout is encircled with real line 
A, and is enlarged in figure 4. 

Reference numeral 1 designates the flip chip semiconductor device ac- 
cording to the present invention, and real line la is indicative of the periphery 
of the flip chip semiconductor device 1. In this instance, the flip chip semi- 
conductor device 1 is fabricated on a rectangular chip. The rectangular chip 
is divided into a peripheral area lb, an inner area and an intermediate area lc 
between the inner area and the peripheral area lb. The four edge lines of the 
rectangular chip are labeled with reference Id. 



Most of the peripheral area lb is assigned to input and output circuits such 
as those labeled with 21/22/ 23 and signal pads such as those labeled with 31/ 

i 

32/ 33. The input and output cells are hereinbelow referred to as "input and 
output cells", and the signal pads are electrically connected to the input and 

6 

output cells. Each of the input and output cells is implemented by an output 

S 

driver circuit and/ or input buffer circuit. An input and output controlling 



circuit may be further incorporated in t 



le input and output cell. An input and 



output control circuit may be further incorporated in the input and output cell. 
Although the input and output cells are drawn on a level with the signal pads 
in figures 3 and 4, the flip chip semiconductor device has a multi- layered 
structure, and the input and output cellf are assigned a certain level lower 
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than the level assigned to the signal pads. The signal pads are formed on the 
highest level of the multi- layered\tructure. The highest level is hereinbelow 
referred to as "pad forming layer". 



The input and output cells are arrayed in the peripheral area lb, and plural 
input and output cells 31/ 32/ 33/ forms an input and output cell group 2. One 
of the input and output cell groups 2 is encircled with broken line in figure 4. 
In this instance, three input and output cells are arranged in parallel to the as- 
sociated edge line Id, and form the input and output cell group 2. Plural in- 
put and output cell groups 2 are arranged in the perpendicular direction to the 
associated edge lines Id, and form a column of input and output cell groups 2. 
In this instance, four input and output cell groups 2 form each of the columns 
of input and output cell groups 2. The input and output cell groups 2 in each 
column are spaced from one another, and the gap between the adjacent input 
and output cell groups 2 is assigned to wiring lines (not shown). 

The signal pads are further arrayed in the peripheral area. Plural signal 
pads are arranged in the perpendicular direction to the associated edge line Id, 
and form a column of signal pads. The number of the signal pads in each co- 
lumn is equal to the number of the input and output cell groups in each col- 
umn. In this instance, four signal pads form each column of signal pads. Plu- 
ral columns of signal pads 31/ 32/ 33 are associated with each column of in- 
put and output cells, and the number of columns of signal pads 31/ 32/ 33 is 
equal to the number of input and output cells of each input and output cell 
group 2. In this instance, three columns of signal pads 31/ 32/ 33 are associ- 
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ated with each column of input and output cell groups 2. One of the three 
columns of signal pads 32 is located over the column of input and output cell 
groups 2, and the other columns of signal pads 31 and 33 are formed on both 
sides of the column of signal pads 32. The signal pads 31 of the column are 
respectively connected to the input and output cells 21 of the associated co- 
lumn of input and output cell groups, the signal pads 32 of the column are re- 
spectively connected to the input and output cells 22 of the associated column 
of input and output cell groups, and the signal pads 33 of the column are re- 
spectively connected to the input and output cells 23 of the associated column 
of input and output cell groups. In this instance, the other columns of signal 
pads 31 and 33 are symmetry with respect to the column of signal pads 32. 
The columns of signal pads 31/ 32/ 33 are arranged at regular intervals, and, 
accordingly, the columns of input and output cell groups 2 are spaced at 
regular intervals. Each regular interval between the adjacent columns of in- 
put and output cell groups 2 is the multiple of the regular interval between the 
adjacent columns of signal pads 31/ 32/ 33. 

The intermediate area lc is assigned to power supply pads 11 and 12, and 
the power supply pads 1 1/ 12 are formed on the level with the signal pads 31/ 
32/ 33, i.e., the pad forming layer. Thus, the power supply pads 1 1/ 12 are 
formed inside of the signal pads 31/ 32/ 33 and, accordingly, the input and 
output cells. The power supply pads 12 are arranged in parallel to the edge 
lines Id, and, accordingly, form two columns in parallel to one of the two 
pairs of edge lines Id. The other power supply pads 11 are arranged also in 



10 




parallel to the edge lines Id, and are located inside the power supply pads 12. 
A power voltage level VDD is supplied from the power supply pads 12 to the 
input and output cells such as those labeled with 21/ 22/ 23, and another pow- 
er voltage level VSS is supplied from the other power supply pads 1 1 to the 
input and output cells. As will be described hereinlater in conjunction with 
another embodiment, the peripheral area is partially narrowed at the four cor- 
ners of the rectangular chip so as to permit the power supply pads to occupy 
widely at the corners. 

The power supply pads 11/ 12 are electrically connected to the input and 
output cells through power supply lines (not shown). In order to reduce the 
resistance of the power supply lines, wide power supply lines are used in the 
flip chip semiconductor device. However, wide occupation area is required 
for routing the wide power supply lines. Following counter measures may be 
selectively employed in the flip chip semiconductor device. The first counter 
measure is to space the input and output cells for routing the power supply 
lines therebetween. The second counter measure is widened the gap between 
the adjacent columns of input and output cell groups so as to route the power 
supply lines the wide space in parallel to the columns of input and output cell 
groups. Otherwise, the power supply lines are routed on a level with power 
supply lines connected to cells formed in the inner area. 

The inner area of the pad formihg layer is assigned to power supply pads 
13/ 14. The power supply pads 13 are assigned to the power voltage VDD, 
and the power supply pads 14 are assigned to the other power voltage VSS. 
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The power supply pads 13 are represented by small squares in figure 3, and 
each of the power supply pads 13 k hatched with oblique lines drawn from 
the upper corner of the left side to the lower corner of the right side. The 
power supply pads 14 are also represented by small squares. However, each 
of the power supply pads 14 is hatched with oblique lines drawn from the up- 
per corner of the right side to the lower corner of the left side. Thus, the po- 
tential level on the power supply padl 13/ 14 is discriminated by comparing 
the direction of the hatching lines. A| will be seen in figure 3, the power 
supply pads 13 are arranged in staggered fashion. On the other hand, the oth- 
er power supply pads 14 occupy the vacant areas among the power supply 
pads 13, and are also laid on a staggered pattern. Macro-cells such as logic 
cells are fabricated under the inner area| on the pad forming layer, and the 



power voltages VSS and VDD are supp 
14 to the logic cells through via-holes. 



ied from the power supply pads 13/ 
^However, the input and output cells 



do not perfectly occupy the peripheral area lb of the certain level. In other 



words, there is vacancies among the regions assigned to the input and output 
cells in the peripheral area lb on the certain level. The manufacturer can as- 
sign other macro-cells to the vacancies. T^h us, any real estate is not wasted. 



As will be understood, the power supply pads 11/ 12/ 13/ 14 are formed 
inside the signal pads 31/ 32/ 33 located over the input and output cells 21/ 
22/ 23. This feature is desirable, because any via holes is not formed in the 
peripheral area lb. The input and output cells 21/ 22/ 23 are electrically con- 
nected to the signal pads 31/ 32/ 33 through the signal lines in the peripheral 
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area lb. The manufacturer routes the signal lines without taking the via-holes 
into account. Thus, the layout of the flip chip semiconductor device accord- 
ing to the present invention makes the design work on the signal lines easy. 

Another advantage of the layout according to the present invention is im- 
provement of device characteristics. The input and output cells 21/ 22/ 23 are 
powered with the power voltages VDD and VSS supplied from the power 
supply pads 11/12 through the power supply lines, and input/ output signals 
are supplied from the signal pads 31/ 32/ 33 through the signal lines to the in- 
put and output cells 21/22/ 23. As described hereinbefore, the input and out- 
put cells 21/ 22/ 23 and the signal pads 31/ 32/ 33 are formed in the peripheral 
area lb on the certain level and the peripheral area lb on the highest level of 
the multi-layered structure, respectively. This results in that only short signal 
lines are required for the connection. Similarly, the power supply pads 11/12 
are formed in the intermediate area 1c on the highest level of the multi- 
layered structure, and the intermediate area lc is contiguous to the peripheral 
area lb. This means that the power supply lines are not prolonged. A large 
amount of power voltage VDD/ VSS is sufficiently supplied to the input and 
output cells 21/ 22/ 23 without serious fluctuation, and the input/ output sig- 
nals are not propagated between the signal pads 31/ 32/ 33 and the input and 
output cells 21/22/ 23 without serious impedance. For this reason, the input 
and output cells 21/ 22/ 23 are improved in dc characteristics and ac charac- 
teristics. Thus, the layout according to the present invention is conducive to 
the improvement in the device characteristics. 
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The layout according to the present invention is desirable for a package 
substrate. The package substrate has one surface held in contact with the 
pads of the flip chip semiconductor device, and the input/ output signals are 
transferred from the one surface to another surface through a multi-layered 
wiring layers. Figure 5 shows a layout of pads on a prior art package sub- 
strate for a prior art flip chip semiconductor device. The prior art flip chip 
semiconductor device has both of the power supply and signal pads in the 
peripheral area of the chip. Accordingly, the prior art package substrate has a 
peripheral area where the signal pads such as those labeled with 41 r 41 3 , 42 r 
42 3 , 43,, 43 2 and 44j are mixed with the power supply pad 46. Although the 
signal pads 41 r 41 3 , 42 r 42 3 , 43! and 43 2 are to be connected to the signal 
lines 45, the signal line A-B can not be connected to the pad 44 l5 because the 
power supply pad 46 is to be formed on the route of the signal line A-B. In 
order to bypass the power supply pad 46, the signal line A-B is routed to the 
signal pad 44j on a different level of the multi-layered structure through a 
pair of via-holes. On the other hand, the flip chip semiconductor device ac- 
cording to the present invention has the power supply pads 11/ 12/ 13/ 14 in 
the intermediate area and the inner area on the pad forming layer. Accord- 
ingly, a package substrate has the power supply pads inside of the signal pads. 
In other words, there is not any power supply pad corresponding to the power 
supply pad 46 in the peripheral area of the package substrate. This means that 
any obstacle is never found in the peripheral area. For this reason, the manu- 
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facturer can connect the signal lines without any additional level for the by- 
passing. 

This advantage is confirmed in the flip chip semiconductor device shown 
in figures 3 and 4. The flip chip semiconductor device has the signal pads 31/ 
32/ 33 concentrated in the peripheral area lb on the pad forming layer, and 
the power supply pads 11/ 12/ 13/ 14 are formed inside the signal pads 31/ 32/ 
33. The package substrate for the flip chip semiconductor device has the sig- 
nal pads concentrated in the peripheral area, and the signal lines are to be 
connected without any bypassing line on a different level. This results in re- 
duction of wiring levels. In other words, the package substrate for the flip 
chip semiconductor device is simpler than that for the prior art flip chip semi- 
conductor device, and the total cost for the system is drastically reduced. 

Even if signal pad are arranged more complicated than the signal pads 31- 
33, the flip chip semiconductor device keeps the package substrate simple. 
Figure 6 shows a part of a package substrate 50A to be assembled with a flip 
chip semiconductor device SOB formed with signal pads more complicated. 
The part of the package substrate 50A is to be connected to a part of the flip 
chip semiconductor device 5 OB encircled with real line Rl. The flip chip 
semiconductor device SOB has columns of input and output cell groups in the 
peripheral area, and one of the columns of input and output cell groups is 
within the real line Rl. The column of input and output cell group includes 
four input and output cell groups 2 l9 2 2 , 2 3 and 2 4 . The input and output cell 
group 2 X has only one input and output cells, and the associated signal pad is 
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located over the input and output cell group 2,. The input and output cell 
group 2 2 has two input and output cells, and two signal pads are located on 
both sides of the input and output cell group2 2 . The input and output cell 
group 2 3 has three input and output cells, and the associated signal pads are 
located over the input and output cell group 2 3 and both sides thereof. The in- 
put and output cell group 2 4 also has three input and output cells, and the as- 
sociated signal pads are arranged in the similar manner to those associated 
with the input and output cell group 2 3 . The signal pad groups 41, to 41 3 , 42, 
to 42 3 and 43! to 43 3 are corresponding to the column of input and output cell 
groups 2 X , 2 2 , 2 3 and 2 4 . The signal pad for the input and output cell group 2, 
is to be connected to the signal pad 42 3 , and the signal pad 42 3 is located on 
the rightmost side of the part of the package substrate 50A. The signal pads 
for the input and output cell group 2 2 are to be connected to the signal pad 41 3 
and 43 3 , and the signal pads 41 3 and 43 3 are located in the elongated area next 
to the elongated area assigned to the signal pad 42 3 . The signal pads for the 
input and output cell group 2 3 are to be connected to the signal pad 41 2 , 42 2 
and 43 2 , and the signal pads 41 2 , 42 2 and 42 3 are located in the elongated area 
next to the elongated area assigned to the signal pads 41 3 and 43 3 . Similarly, 
the signal pads for the input and output cell group 2 3 are to be connected to 
the signal pad 41 u 42, and 43,, and the signal pads 41,, 42, and 43, are locat- 
ed in the elongated area on the leftmost side of the part of the package sub- 
strate 50A. Signal lines 51,, 51 2 and 51 3 , 52,, 52 2 and 52 3 and 53,, 53 2 and 53 3 
are routed on the level with the signal pads 41,, 41 2 and 41 3 , 42,, 42 2 and 42 3 
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and 43,, 43 2 and 43 3 , and are connected to the signal pads 41,, 41 2 and 41 3 , 42,, 
42 2 and 42 3 and 43 u 43 2 and 43 3 , respectively. Thus, neither via-hole nor by- 
passing line on a different level is required for the signal pads 41,, 41 2 and 41 3 , 
42,, 42 2 and 42 3 and 43,, 43 2 and 43 3 , and the flip chip semiconductor device 
SOB makes the package substrate 50 A simple. The signal lines 51,, 51 2 and 
51 3 , 52,, 52 2 and 52 3 and 53,, 53 2 and 53 3 are connected through via-holes to 
electrodes formed on the reverse surface. Although the prior art package sub- 
strate requires 6 -layers for the connection between the signal pads to the 
electrodes, the package substrate 50A only requires 4 layers, and the multi- 
layered structure of the package substrate 50A is less than the multi-layered 
structure of the prior art package substrate by two. 

Although the input and output cells 21/ 22/ 23 are assigned the peripheral 
area on the certain level of the multi-layered structure, the input and output 
cells 21/ 22/ 23 may occupy part of the peripheral area. In this instance, the 
logic cells may be fabricated on the remaining part of the peripheral area. 
Figure 7 shows a flip chip semiconductor device of the type having columns 
of input and output cell groups in parts of the peripheral area. The flip chip 
semiconductor device is fabricated on a rectangular semiconductor chip 200. 
The columns of input and output cell groups are assigned regions 201 occu- 
pying the peripheral area at intervals. As a result, an inner area 202 projects 
into the gaps among the regions 201, and a large amount of macro-cells (not 
shown) are formed in the inner area 202. Figure 8 shows yet another flip chip 
semiconductor device 200A. The macro-cells are formed in the inner area 
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202 perfectly encircled with the peripheral area 203. Although the input and 
output cells do not perfectly occupy the peripheral area, any macro-cell is not 
formed in the peripheral area. The flip chip semiconductor devices 200 and 
200 A are assumed to require 961 pads. The pads are arranged in the pad 
forming layer of the flip chip semiconductor device 200 as similar to those on 
the pad forming area of the flip chip semiconductor device. However, the flip 
chip semiconductor device 200A requires a rectangular chip twice as large as 
the rectangular chip of the flip chip semiconductor device 1/ 200 for 961 pads, 
because the gaps between the input and output cells are vacant. Thus, the 
arrangement of pads shown in figure 7 is conducive to the reduction of chip 
size, and, accordingly, permits the manufacturer to reduce the production cost. 
As a consequence, the flip chip semiconductor chip according to the present 
invention achieves the reduction of cost as well as the improvement of the de- 
vice characteristics. 
Second Embodiment 

Figure 9 shows yet another flip chip semiconductor device 200B imple- 
menting the present invention. The flip chip semiconductor device 200B has 
a multi-layered structure, and the multi-layered structure includes a certain 
level assigned to cells and the highest level assigned fo pads. Since figure 9 
illustrates the layout of pads and cells, the pads are on a level with the cells. 
The layout includes an inner area 202 and a peripheral area 204. Macro-cells 
(not shown) are formed in the inner area 202 on the certain level, and input 
and output cells such as those labeled with 20, 21, 22 and 23 are formed in 
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the peripheral area 204 on the certain level (see figure 10). The input and 
output cells 20/ 21/ 22/ 23 are located in the outermost region of the peripher- 
al area 204, and any macro-cell is never formed outside of the input and out- 
put cells 20/21/ 22/23. 

The signal pads 30, 31, 32 and 33 are arrayed on the highest level, i.e., the 
pad forming layer, and the array of signal pads 30, 3 1, 32 and 33 occupy the 
peripheral area 204 and the inner area 202. Power supply pads 11/ 12 are 
formed inside the signal pads 30, 31, 32 and 33, and the input and output cells 
20, 21, 22, and 23 are powered through predetermined power supply pads 11/ 
12. Any power supply pad is not formed in the peripheral area 204 on the 
highest level, nor mixed with the signal pads 30, 31, 32 and 33. Thus, the flip 
chip semiconductor device 200B is only different form the flip chip semicon- 
ductor device 1 shown in figures 3 and 4 in that the input and output cells 20/ 
21/ 22/ 23 are arranged in a line. 

When the manufacturer designs a package substrate to be assembled with 
the flip chip semiconductor device 200B, only the signal pads are formed in 
the peripheral area, and any power supply pad is not mixed with the signal 
pads. For this reason, any one of the power supply pads is not an obstacle 
against the routing work. The signal lines are directly connected to the signal 
pads, and any additional wiring layer is not required for the electrical con- 
nection. As a result, the production cost of the package substrate is reduced. 
Thus, the flip chip semiconductor device implementing the second embodi- 
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ment permits the manufacturer to reduce the total production cost of the elec- 
tric system. 

Subsequently, description is made on signal lines between the input and 
output cells 20/ 21/ 22/ 23 and the signal pads 30/ 31/ 32/ 33 and power sup- 
ply lines between the input and output pads 20/ 21/ 22/ 23 and power supply 
pads 11/ 12 in comparison with those of the flip chip semiconductor device 1 
implementing the first embodiment. 

The flip chip semiconductor device 1 implementing the first embodiment 
has the positional relation among the input and output cells 21/ 22/ 23, signal 
pads 31/ 32/ 33 and the power supply pads 1 1/ 12 as shown in figure 11. 
The input and output cell 21 and the other input and output cells 22/ 23 are 
connected directly through the via-holes to the signal pad 32 and through the 
via-holes and signal lines to the signal pads 31/ 33 in the flip chip semicon- 
ductor device 1 implementing the first embodiment. The length of the signal 
lines is zero and as long as one regular pitch. On the other hand, the input 
and output cells 20/ 21/ 22/ 23 are connected through the via-hole and signal 
lines to the signal pads 31/ 32/ 33 in the flip chip semiconductor device im- 
plementing the second embodiment. The minimum signal length is 0.5 regu- 
lar pitch, and the maximum signal length is equal to 2.5 regular pitches. 

As to the power supply lines, the input and output cells 21/ 22/ 23 are 
connected through the via-holes and power supply lines to the power supply 
pads 12 in the flip chip semiconductor device 1 implementing the second em- 
bodiment as shown in figure 12. The length of the power supply lines is as 
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long as 3.5 regular pitches. On the other hand, the input and output cells 20/ 
21/ 22/ 23 are connected through the via-hole and power supply lines to the 
power supply pads 12 in the flip chip semiconductor device implementing the 
first embodiment as shown in figure 13. The minimum signal length is 0.5 
regular pitch to 3.5 regular pitches. 

The macro-cells are formed in the vacancies in the peripheral area of the 
flip chip semiconductor device 1 implementing the first embodiment, and the 
rectangular chip to be required is smaller than that to be required for the flip 
chip semiconductor device implementing the second embodiment. 

In summary, the flip chip semiconductor device implementing the first em- 
bodiment has the short signal lines and power supply lines varied in length. 
On the other hand, the flip chip semiconductor device implementing the sec- 
ond embodiment has the power supply lines constant in length and signal 
lines varied in length. The input and output cells 21/ 22/ 23 of the flip chip 
semiconductor device implementing the first embodiment are expected to 
drive loads fallen within a relatively narrow range, and the output character- 
istics are constant. The power distribution to the input and output cells is 
constant and stable in the flip chip semiconductor device implementing the 
second embodiment. However, the output characteristics are less constant 
rather than those of the flip chip semiconductor device implementing the first 
embodiment. Thus, the manufacturer selectively employs the layouts de- 
pending upon the device characteristics to be required. 
Third Embodiment 
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Figure 14 and 15 show layout of pads, i.e., power supply pads and signal 
pads together with input and output cells incorporated in still another flip chip 
semiconductor device embodying the present invention. The flip chip semi- 
conductor device has a multi-layered structure, and the input and output cells 
20/ 21/ 22/ 23 are formed in a certain layer of the multi-layered structure to- 
gether with macro cells (not shown). The macro-cells are located inside of 
the input and output cells 20/ 21/ 22/ 23 (see figure 8). The multi-layered 
structure further has a pad forming layer on which the signal pads 30/ 31/ 32/ 
33 and power supply pads 11/ 12 are formed. The pads 11/ 12/ 30/ 31/ 32/ 33 
are arranged at regular pitches. The power supply pads 1 1/ 12 are located in- 
side of the input and output cells 30/ 31/32/ 33. Although the power supply 
pads 12 are over the input and output cells 20/21/ 22/ 23, any power supply 
pad is not mixed with the signal pads 30/ 31/ 32/ 33. 

The flip chip semiconductor device is to be assembled with a package sub- 
strate (not shown). When the manufacturer designs the package substrate to 
be assembled with the flip chip semiconductor device, the signal pads 30/ 31/ 
32/ 33 are formed outside the power supply pads 11/ 12, and any power sup- 
ply pad is not mixed with the signal pads 30/ 31/ 32/ 33. For this reason, any 
one of the power supply pad 1 1/ 12 is not an obstacle against the routing work. 
The signal lines are directly connected to the signal pads, and any additional 
layer is not required for the electrical connection. As a result, the production 
cost of the package substrate is reduced. Thus, the flip chip semiconductor 
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device implementing the third embodiment permits the manufacturer to re- 
duce the total production cost of the electric system. 

The input and output cells 20/ 21/ 22/ 23 are connected through via-holes 
and signal lines to the signal pads 30/ 31/ 32/ 33 as shown in figure 14. The 
length of the signal lines is varied from 0.5 regular pitch to 3.5 regular 
pitches. On the other hand, the power supply pads 12 are connected through 
the via-holes to the input and output cells 20/ 21/ 22/ 23, and the power sup- 
ply pads 1 1 are connected through via-holes and signal lines to the input and 
output cells 20/ 21/22/ 23. The length of the power supply lines is zero or 
equal to 0.5 regular pitch. 

The length of the signal lines is widely varied, and a large chip is required 
for the flip chip semiconductor device due to the array of signal pads. How- 
ever, the power supply lines are the shortest of all and constant in length. 
Thus^ the flip chip semiconductor device implementing the third embodiment 
widens the repertoire of the manufacturer. 

Table 1 describes the features of the flip chip semiconductor devices im- 
plementing the first, second and third embodiments. 

Table 1 





1 st Embodiment 


2 nd embodiment 


3 rd embodiment 


Production Cost of 
Package Substrate 


Reduced 


Reduced 


Reduced 
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Signal Lines 


Best (Fig. 11) 
0 - 1 

regular pitch 


Ordinary (Fig. 10) 
0.5 - 2.5 
regular pitches 


Ordinary (Fig. 14) 
0.5 - 3.5 
regular pitches 




Power Supply 
Lines 


Better (Fig. 13) 
0.5 - 3.5 
regular pitches 


Ordinary (Fig. 12) 
3.5 

regular pitches 


Best (Fig. 15) 
0.5 

regular pitch 




Area Assigned to 
Macro-cell 


Best (Fig. 7) 
Area not Occu- 
pied by I/O cells 


Best (Fig. 9) 
Area not Occu- 
pied by I/O cells 


Ordinary (Fig. 8) 
Inside of I/O cells 





There are various modifications of the flip chip semiconductor device ac- 
cording to the present invention. These modifications are hereinbelow de- 
scribed with reference to figures 3, 4, 6 and 16- 19. 
Layout of Input and Output Cells 

Although the plural input and output cells 21/ 22/ 23 are arranged in par- 
allel to the associated edge lines Id (see figures 3 and 4) for forming one of 
the input and output cell groups, an input and output cell group contains only 
one input and output cell 1 1 1 in the first modification (see figure 6). The in- 
put and output cell 1 1 1 is preferable for driving a high speed signal such as, 
for example, a serial bit train, because the high speed signal is free from 
cross-taking with the signals driven by the adjacent input and output cells. 

The input and output cell group contains an even number of input and out- 
put cells such as, for example, four input and output cells 112 (see figure 6) in 
the second modification. 

When every input and output cell group has a predetermined number of 
input and output cells, the layout is simple, and the design work is easy. The 
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flip chip semiconductor device implementing the first embodiment has the 
plural input and output cell groups each having three input and output cells. 
However, the third modification includes plural input and output cell groups 
different in the number of input and output cells. In this instance, the input 
and output cell groups may have only one input and output cell 111, two input 
and output cells 1 14, three input and output cells 113 and four input and out- 
put cells 112 (see figure 6). 

The input and output cells in each cell group are contiguous to one another 
in the flip chip semiconductor device implementing the first embodiment. In 
the fourth modification, input and output cells 21/ 22/ 23 in a cell group are 
spaced from one another in a column as shown in figure 16. The spaces 61/ 
62 between the input and output cells 21/ 22/ 23 are assigned to power supply 
lines. 

Input and output cells are asymmetrically arranged in cell groups of the 
fifth modification. The input and output cell group 131 has the input and out- 
put cell or cells on the right side of the center input and output cell, and the 
input and output cell group 132 has the input and output cell on the left side 
of the central input and output cell. The input and output cells on the right 
side may be different in number from the input and output cells on the left 
side. 

Layout of Input and Output Cell Groups 
The sixth modification has an isolated input and output cell group 21 1 as 
well as columns of input and output cell groups 212 (see figure 17). The iso- 



25 



x d o SM 5 **■ , x e a e o i 



lated input and output cell group 211 serves as a column of input and output 
cell groups. A column of input and output cell group 223 is different in the 
number of input and output cell groups from the columns of input and output 
cell groups 212 and the columns of input and output groups 211. The column 
of input and output cell group has only one input and output cell group, the 
column of input and output cell groups 223 includes three input and output 
cell groups, and the four input and output cell groups form the columns of in- 
put and output cell groups 212. 

The seventh modification has a large macro-cell block 215. The large 
macro-cell block penetrates into the peripheral area of the certain layer of the 
multi-layered structure. However, any input and output cell is never located 
inside the large macro-cell block. In other words, all the input and output 
cells are outside of the macro-cells. 
Intervals of Input and Output Cell Groups 

The input and output cell groups are arranged in the column without any 
space in the flip chip semiconductor device implementing the first embodi- 
ment. This feature is preferable, because the input and output cells are ar- 
ranged at high dense. However, an input and output cell group 224 of a co- 
lumn is spaced from the adjacent input and output cell group 225 in the same 
column in the eighth modification. Of course, it is not necessary to introduce 
a space in every column. The eighth modification has an input and output cell 
22 contiguous to an input and output cell group 222 in the same column. The 
input and output cell groups of the column 223 are also spaced from one an- 
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other, and the space is equivalent to the area to be occupied by an input and 
output cell group. The space between the input and output cell groups 224 
and 225 is assigned signal/ power supply lines. Several input and output cell 
groups 301 may be formed in the inner area of the certain layer (see figure 6). 
However, all the signal pads are outside of the power supply pads for the in- 
put and output cells. The input and output cells may be concentrated in a part 
of the peripheral area along one of the edge lines. 

In the flip chip semiconductor device implementing the first embodiment, 
the columns of input and output cells are arranged at regular intervals each 
equal to a multiple of the interval between the columns of signal pads. The 
ninth modification has a vacancy 412 between columns of input and output 
cell groups arranged at regular intervals (see figure 17). The vacancy may be 
formed at the boundary between a power supply pad group assigned to a cer- 
tain voltage such as 3.3 volts and an adjacent power supply pad group as- 
signed to another voltage such as 2.5 volts. The vacancy 412 is available for 
the power supply lines. The power supply lines supplies the power voltages 
to the columns input and output cell groups 212 in the lateral direction, and 
are reduced in length. 

In the tenth modification, the columns of input and output cell groups are 
widened so as to permit the manufacturer to pass the power supply lines 414 
(see figure 19). The space between the columns of signal pads is wider than 
the power supply line 414. 
Layout of Signal Pads 
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The signal pads are corresponding to the input and output cells. If an in- 
put and output cell group is removed from a column of input and output cell 
groups as indicated by reference numeral 511 (see figure 17), signal pads to 
be associated with the input and output cell group are also removed. 

In the seventh modification, the large macro-cell penetrates into the 
peripheral area so that the inner area has a polygonal shape. Thus, the inner 
area and the peripheral area are not restricted to a rectangular shape and 
frame- like shape. The input and output cells occupy areas narrower than the 
areas occupied by the signal pads. However, the input and output cell 22 of 
the eighth modification occupies the area wider than the area occupied by the 
associated signal pad (see figure 18). Thus, appropriate macro-cells are se- 
lected for the input and output cells. 

The fourth modification has the spaces 61/62 among the input and output 
cells so that the power supply lines are routed through the spaces 61/62. 
Otherwise, the columns of input and output cell groups are widely spaced in 
the tenth modification, and the power supply lines 414/415 are routed 
through the space 413. These power supply lines are so wide that the signal 
paths between the source of a p-channel field effect transistor and the power 
source VDD and between the source of an n-channel field effect transistor and 
the power source VSS are reduced in resistance. The p-channel field effect 
transistor and the n-channel field effect transistor may form a complementary 
inverter. The power supply lines for the input and output cells may be routed 
through a lower layer where the power supply lines for the macro-cells are 
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formed. Since the ninth modification has the vacancy 412, the power supply 
pads are formed in the vacancy 412. The power voltages are supplied to the 
input and output cells from these power supply pads. However, any signal 
pad is never formed outside of those power supply pads. 

As will be appreciated from the foregoing description, the flip chip semi- 
conductor device according to the present invention has the signal pads ar- 
ranged outside of the power supply pads. When the manufacturer designs a 
package substrate to be assembled with the flip chip semiconductor device, 
the manufacturer reduces the number of layers forming the multi- layered 
package substrate, because the signal lines are connected to the signal pads on 
the same level. Thus, the flip chip semiconductor device according to the 
present invention is advantageous over the prior art flip chip semiconductor 
devices in the total production cost of the electric system. 

Although particular embodiments of the present invention have been shown 
and described, it will be apparent to those skilled in the art that various 
changes and modifications may be made without departing from the spirit and 
scope of the present invention. 

For example, the number of input and output cells of the input and output 
cell groups may be varied on the same chip, and the input and output cells 
may be spaced from one another. In detail, each input and output cell group 
has three members in the embodiment shown in figures 3 and 4, and the three 
input and output cells are contiguous to one another. However, the members 
of an input and output cells may be different in number from another input 
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and output cells. Moreover, the input and output cells in an input and output 
cell group may be spaced from one another. 

The columns of signal pads 31/ 33 may be located on either side of the 
column of signal pads over the column 32 of input and output cell groups 2. 
Otherwise, the columns of signal pads 31 and 33 may be asymmetrically ar- 
ranged on both sides of the column of signal pads 32. 

The input and output cell groups 2 in a column may be different in number 
from the input and output cell groups in another column. The input and out- 
put cell groups 2 in each column may be contiguous to one another without 
any gap. 

The columns of input and output cell groups may be arranged at irregular 
intervals. In this instance, wiring lines may be formed in a region corre- 
sponding to a part of the relatively wide gap between the adjacent columns of 
input and output cell groups. The interval between the adjacent columns of 
input and output cell groups may be a multiple different from the multiple of 
the interval between the adjacent columns of signal pads. The interval be- 
tween the adjacent columns of input and output cell groups may be wider than 
the multiple of the interval between the adjacent columns of signal pads. 

The number of the signal pads in a column may be less than the number of 
the input and output cell groups in the associated column. In this instance, a 
certain signal pad is widely spaced from the adjacent signal pad, and a signal 
line to the certain signal pad may be routed through the wide area in the pad 
forming layer. 
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